dispersion of particles or good particle-matrix bonding. This limits their applications to niche products.
Powders consisting of nanoscale particles have been proposed to be highly effective reinforcers, and the development of in expensive methods of producing them in large quantities has attracted a substantial effort to fabricate nanocomposites 6 . However, exploiting the full potential of such materials requires a uniform dispersion of a relatively large volume fraction of individual nanoparticles in the melt of the matrix mater ial 7 . Chen et al. have succeeded in fabricating a magnesium-zinc alloy densely populated with individual ceramic nanoparticles (14% volume fraction), and in this way have endowed it with outstanding mechanical behaviour. This is the first time that formation of a nanocomposite has led to such a large increase in strength.
The authors began by dispersing a 1% volume fraction of ceramic nanoparticles in the magnesium alloy in the liquid state, and then increased the concentration of particles by partially evaporating away the metallic alloy in a vacuum furnace. The resulting uniform distribution of nanoparticles (see Fig. 1a and b of ref. 1) is extremely effective in arresting basal slip and twin propagation, leading to an increase in the alloy's yield strength (the stress at which the material starts to deform irreversibly) from around 50 megapascals to around 410 MPa, without impairing plasti city. The nanocomposites also have excellent mechanical stability up to temperatures as high as 400 °C.
Chen and colleagues conferred further, extraordinary, strength on the alloy by reducing the size of the grains (small crystals) that make up the bulk metal. The resulting material has a yield strength of 710 MPa, the highest ever reported for polycrystalline magnesium alloys and their composites.
The authors' preparation method has been validated at the laboratory scale, and seems to be particularly suited to fabricating small components made from metals that have melting points similar to, or lower than, that of magnesium (aluminium or zinc, for example). However, further work would be needed to optimize the processing parameters for other metals.
It remains to be seen whether the method could be feasible and environmentally friendly on an industrial scale. Potential problems in scaling up the process might include: the amount and cost of the energy needed; elimination of toxic residues from the evaporated matrix material; and maintenance of the equipment used. In addition, fabricating large amounts of homogeneous nanocomposite could be extremely difficult, because gradient distributions of particles are likely to develop during processing.
But there is no doubt that Chen and colleagues' work constitutes a milestone in our quest to design lighter, stronger materials, and 
A division of labour combined
The discovery of microorganisms that can oxidize ammonia all the way to nitrate refutes the century-old paradigm that this nitrification process requires the activity of two types of microbe. See Article p.504 & Letter p.555
ioavailable nitrogen is essential for all organisms and is the main limiting nutrient for life on our planet. This nitrogen enters the environment as ammonia produced by microbial or industrial fixation of nitrogen gas. It is lost, again as nitrogen gas, when microorganisms respire oxidized nitrogenous compounds, such as nitrate and nitrite, instead of oxygen. The process of nitrification -the oxidation of ammonia to nitrate by way of nitrite -links the gain and loss of bioavailable nitrogen and thus plays a central part in the nitrogen cycle. Since its discovery in 1890 (ref. 1), nitrification has been thought to be performed as a 'labour union' , with distinct microorganisms carrying out the two steps. In this issue, Daims et al. 2 (page 504) and van Kessel et al. 3 (page 555) independently show that micro organisms from the genus Nitrospira can conduct complete nitrification on their own.
The nitrifying unions known until now involved bacteria or archaea that oxidize ammonia to nitrite, and then different bacteria that oxidize nitrite to nitrate (Fig. 1) . It had, however, been predicted that a single organism should be able to carry out both steps of this process, on the basis that full nitrification is energetically highly favourable 4 . The term comammox, for 'complete ammonia oxidation' , was coined for this hypothetical process. But for more than a century, only partnerships of ammonia oxidizers and nitrite oxidizers were detected in microbial communities that performed nitrification.
At first, nothing seemed to be different about the communities that were enriched by Daims et al. from a deep oil well and by van Kessel et al. from an aquaculture system. The microorganisms from both samples grew on ammonia and produced nitrate, just like typical labour unions of ammonia and nitrite oxidizers. However, no known ammonia oxidizers were present in the cultures, whereas species of the bacterial genus Nitrospira were abundant. The Nitrospira genus belongs to an ancient phylum of bacteria, the Nitrospirae, members of which were previously thought to carry out oxidation only of nitrite to nitrate 5 . By reconstructing the genomes of the enriched Nitrospira species, the researchers found that the organisms had genes related to those used for ammonia oxidation in other organisms. Daims and co-workers further show that the Nitrospira species they report expressed these genes when grown on ammonia. And when van Kessel and co-workers provided their Nitrospira species with a fluorescently labelled analogue of ammonia, which binds to the organism's ammoniaoxidizing enzyme, they observed fluorescently labelled Nitrospira cells, indicating that the microbes oxidized ammonia to nitrite and then nitrate.
Both research groups also used the distinctive ammonia-oxidation gene sequences in these organisms to search for comammox bacteria in other environments. They found the gene sequences to be widespread in both manmade environments and a variety of natural terrestrial ecosystems. Surprisingly, however, of several classes of microorganism have profoundly changed our view of the nitrogen cycle. These include anaerobic ammoniaoxidizing bacteria 9 , ammonia-oxidizing archaea 10 , methane-oxidizing organisms that generate oxygen from toxic nitric oxide 11 , symbiotic heterotrophic nitrogen-fixing cyanobacteria 12 and phototrophic nitrite oxidizers 13 . Comammox organisms are another key addition, and their discovery is proof that if a process is energetically feasible, it will be performed by a microorganism or a microbial labour union somewhere. ■ 
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KO N R A D G R O N K E & A N D R E A S D I E F E N B AC H
T he epithelial-cell layer that lines the intestine acts as a protective barrier against a plethora of microbes and toxic nutrients. As such, it often needs to be rapidly repaired -a process that is initiated by intestinal stem cells (ISCs), which reside in specialized niches at the bottom of small pits called crypts in the intestinal wall 1 . In steady-state conditions, to compensate for the normal continual loss of epithelial cells, ISCs divide once every 24 hours 1 to generate progeny that differentiate into all the epithelial-cell types found in the intestine. In response to damage, changes in the behaviour of ISCs are typically thought to be directed by mediator signals released from surrounding epithelial cells in the stem-cell niche, but on page 560 of this issue, Lindemans et al. 2 reveal that the true picture is much broader.
Two cell types have been implicated in promoting ISC differentiation -secretory epithelial cells called Paneth cells 3 , which are interspersed throughout the niche, and surrounding connective-tissue cells such as stromal cells, which reside adjacent to the niche. Both of these cell types provide ISCs with essential growth and differentiation factors 4 , but are they the only cell types that regulate stem-cell behaviour?
In 1996, it was found that several thousand follicles containing group 3 innate lymphoid cells (ILC3s) directly underlie intestinal crypts, and are therefore in close proximity to ISCs and their niches (reviewed in ref. 5 ). ILC3s are the gene sequences were not found in marine waters. Oceans cover about two-thirds of our planet and are sites of intense nitrogen cycling, in which ammonia-oxidizing archaea 6, 7 and nitrite-oxidizing bacteria play a major part. Yet most of these waters are characterized by low ammonia availability, which should theoretically 4 favour comammox organisms that do not have to share the energy gained from nitrification with a partner organism.
So why were no comammox genes found in ocean waters? Do factors such as salinity stress, the capacity to use organic nitrogen instead of ammonia for nitrification, requirements for specific micronutrients or viral infections lead to comammox organisms being at a competitive disadvantage in the ocean? Or do comammox organisms that have different ammonia-oxidizing genes inhabit the marine realm? It is likely that comammox organisms thrive in the oceans, and environmental microbiologists are in for an exciting time searching for them.
Of the many questions still to be answered, one pertains to microbial production of nitrous oxide. Labour unions of nitrifying organisms are assumed to be one of the main sources of atmospheric nitrous oxide, a potent greenhouse gas and a major contributor to ozone destruction 8 , yet it seems that only the ammonia-oxidizing partners produce the gas. There is no evidence that comammox organisms produce nitrous oxide, but they probably do, because their ammonia-oxidizing pathway is similar to that of classic ammonia-oxidizing bacteria. The identification and cultivation of these organisms by Daims et 
Full nitri cation
Figure 1 | The nitrogen cycle revised. The global nitrogen cycle begins when ammonia is produced through the fixation of nitrogen gas (N 2 ) by microorganisms or industrial processes. For N 2 then to be returned to the atmosphere by microbial respiration, the ammonia must undergo nitrification. This process is known to occur in a stepwise fashion when microorganisms oxidize ammonia to nitrite, and other microorganisms oxidize nitrite to nitrate. Daims et al. 2 and van Kessel et al. 3 now show that 'comammox' bacteria of the Nitrospira genus can conduct both steps of nitrification.
